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FLASH BAND CORRECTION APPARATUS,
FLASH BAND CORRECTION METHOD, AND
IMAGE PICKUP APPARATUS

BACKGROUND

The present disclosure relates to a flash band correction
apparatus, a flash band correction method, and an image
pickup apparatus which are applied to the case where a flash
band is detected which is generated in a frame of image data
taken by irradiating a subject with intense light (hereinafter,
referred to as “flash”), for example.

In related art, there has been known an image pickup ele-
ment used for a camera, which uses a rolling shutter system
for starting exposure sequentially for each horizontal line
(hereinafter, referred to as “line”) and reading an image signal
sequentially for each line to output a frame. In an image
pickup element with the rolling shutter system, exposure time
periods vary by line. Therefore, if a flash or the like is used
during a shorter time period than a frame rate during which
the image pickup element reads an image signal, a band-like
unevenness (flash band) in a brightness level may be gener-
ated for each frame of the image displayed. Hereinafter, a
brightness level is abbreviated as “level”, and a flash band is
abbreviated as “FB”.

FIGS. 18A and 18B are explanatory diagrams showing an
example of an FB generated in a frame in related art.

FIG. 18 A shows a relationship between a flash and frames
output by an image pickup element with a vertical axis rep-
resenting the number of lines in a vertical direction and a
horizontal axis representing time (seconds).

The image pickup element outputs image signals read in a
direction from an upper portion toward a lower portion of the
frame. Then, a flash is used across the first frame and the
second frame.

FIG. 18B is adiagram showing an example of images of the
frames.

As shown in FIG. 18A, if the flash is used across the first
frame and the second frame, on a line in a lower portion of the
first frame, an unevenness of a level is generated due to the
flash. On the other hand, for the second frame, before an
image signal of a line in a lowermost portion of the first frame
is read, an image signal of a line in an upper portion of the
second frame is read. For this reason, on the line in the upper
portion of the second frame, the unevenness of the level is
generated due to the flash.

If the FB is generated in the frames as described above, in
the first frame, a lower portion of the image is brightened, and
in the second frame, an upper portion of the image is bright-
ened. If the FBs are generated over a plurality of frames, the
FBs appear when a moving image is reproduced or when a
still image is captured, so the quality of the image deterio-
rates.

Inrelated art, to suppress the influence exerted on an image
by a frame in which the FB is generated, a correction is carried
out so that the unevenness of the level is eliminated, or a
corresponding frame itself is removed, for example. As a
precondition of those countermeasures, a method of detecting
existence or nonexistence of the FB has been considered.

As the method of detecting the FB, Japanese Patent Appli-
cation Laid-open No. 2010-135921 discloses a method of
using a first condition for detecting that an area in which the
level of pixels is increased exists in a lower portion of a first
frame and an upper portion of a second frame. In this method,
to detect the FB, a decrease in the second frame in level of the
area, the level of which is increased in the first frame, is set as
a second condition.

10

15

20

25

30

35

40

45

50

55

60

65

2

As another method, Japanese Patent Application Laid-
open No. 2007-306225 discloses a method of detecting a
frame in which an exposure is saturated from among continu-
ous frames taken through an appropriate exposure.

SUMMARY

Incidentally, in an image that is taken with a rolling scan-
ning system, an FB is often generated. To correct the FB, there
is a method in which two or more frames are overlapped with
each other, thereby making the FB inconspicuous. However,
as one image, a temporal axis is extended, so a feeling of
strangeness may be generated in an image obtained by cap-
turing a subject that strenuously moves. Further, to correct the
image in which the FB is generated in real time, an algorism
for performing the detection and correction of the FB
becomes very difficult. Furthermore, an erroneous detection
or an erroneous correction for the FB is caused in some cases.

In addition, by the method of detecting the FB disclosed in
Japanese Patent Application Laid-open No. 2010-135921, it
may be impossible to detect the case where a start line and an
end line of the FB is in one frame and the case where the FB
is continuous across three or more frames. Further, by the
method of detecting the FB disclosed in Japanese Patent
Application Laid-open No. 2007-306225, when a position of
a light source or a moving body with a high brightness is
varied, the varied moving body or light source may lead to an
erroneous detection of the FB.

In view of the above-mentioned circumstances, it is desir-
able to appropriately correct, at a time when a frame rate is
converted to 1/n thereof, the FB generated in the frame before
the conversion.

According to an embodiment of the present disclosure,
there is provided a flash band correction method including
detecting a frame in which a flash band occurs by a start line
and an end line of the flash band on the basis of a difference in
an exposure period for each line of an image signal output for
each frame at a predetermined frame rate by an image pickup
element with a rolling shutter system, the flash band being an
unevenness in brightness level for each line which is gener-
ated in the frame due to flash light, and correcting the flash
band on the basis of the start line and the end line of the flash
band detected and convert the frame rate to 1/n thereof.

According to the present disclosure, when the frame in
which the flash band occurs is detected, the flash band is
corrected, and the frame rate is converted to 1/n thereof, with
the result that it is possible to provide a desirable image in
which the flash band is inconspicuous in the frame corrected.

These and other objects, features and advantages of the
present disclosure will become more apparent in light of the
following detailed description of best mode embodiments
thereof, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing an example of the
structure of an image pickup apparatus according to a first
embodiment of the present disclosure;

FIG. 2 is a block diagram showing an example of the
internal structure of an FB correction apparatus according to
the first embodiment of the present disclosure;

FIGS. 3A to 3C are explanatory diagrams each showing an
example of a correction process at a time when a frame rate
conversion unit according to the first embodiment of the
present disclosure converts a frame rate from 120 P to 60 P;

FIG. 4 is a flowchart showing an example of a normal
correction process and a correction process A performed by
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the frame rate conversion unit according to the first embodi-
ment of the present disclosure;

FIGS. 5A and 5B are explanatory diagrams each showing
an example of a process for correcting a single FB by the
frame rate conversion unit according to the first embodiment
of the present disclosure;

FIGS. 6A to 6D are explanatory diagrams each showing an
example of a correction process at a time when the frame rate
is converted from 120 P to 60 P by the frame rate conversion
unit according to a second embodiment of the present disclo-
sure;

FIG.7is a flowchart showing an example of performing the
normal correction process, the correction process A, and a
correction process B by the frame rate conversion unit
according to the second embodiment of the present disclo-
sure;

FIGS. 8A and 8B are explanatory diagrams each showing
an example in which the frame rate conversion unit according
to the second embodiment of the present disclosure performs
a correction process for a multi FB;

FIG. 9 is an explanatory diagram showing another example
in which the frame rate conversion unit according to the
second embodiment of the present disclosure performs a cor-
rection process for the multi FB;

FIGS. 10A to 10C are explanatory diagrams each showing
an example of a correction process at a time when the frame
rate conversion unit according to a third embodiment of the
present disclosure converts the frame rate from 180 P to 60 P;

FIG. 11 is a flowchart showing an example in which the
frame rate conversion unit according to the third embodiment
of'the present disclosure performs the normal correction pro-
cess and a correction process C;

FIGS. 12A and 12B are explanatory diagrams each show-
ing an example of the correction process to be performed in
the case of a single FB in the third embodiment of the present
disclosure;

FIGS. 13A to 13E are explanatory diagrams each showing
an example of a correction process at a time when the frame
rate conversion unit according to a fourth embodiment of the
present disclosure converts the frame rate from 180 P to 60 P;

FIG. 14 is a flowchart showing an example in which the
frame rate conversion unit according to the fourth embodi-
ment of the present disclosure performs the normal correction
process, the correction process C, and correction processes D
and E;

FIGS. 15A and 15B are explanatory diagrams each show-
ing an example of performing the correction process for the
multi FB by the frame rate conversion unit according to the
fourth embodiment of the present disclosure;

FIG. 16 is an explanatory diagram showing another
example of a correction process for the multi FB performed
by the frame rate conversion unit according to the fourth
embodiment of the present disclosure;

FIG. 17 is a block diagram showing a modified example of
an FB correction apparatus according to another embodiment
of the present disclosure; and

FIGS. 18A and 18B are explanatory diagrams showing an
example of an FB generated in a frame in related art.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, best modes for carrying out the present disclo-
sure (hereinafter, referred to as embodiments) will be
described. It should be noted that the description will be given
in the following order.

1. First embodiment (example of process for correcting
single FB when frame rate is converted from 120 P to 60 P)
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2. Second embodiment (example of process for correcting
multi FB when frame rate is converted from 120 P to 60 P)
3. Third embodiment (example of process for correcting
single FB when frame rate is converted from 180 P to 60 P)
4. Fourth embodiment (example of process for correcting
multi FB when frame rate is converted from 180 P to 60 P)
5. Modified example

1. First Embodiment

Example of Process for Correcting Single FB when
Frame Rate is Converted from 120 P to 60 P

First, with reference to FIGS. 1 to 5, a description will be
given on an example of a process for an FB correction accord-
ing to a first embodiment of the present disclosure in the case
where a flash is used in one frame. In this embodiment, a
description will be given on examples of a flash band correc-
tion apparatus 10 (hereinafter, abbreviated as FB correction
apparatus 10) that detects an FB generated in the frame,
corrects the FB detected, and converts a frame rate, and an
image pickup apparatus 1 provided with the FB correction
apparatus 10. The FB correction apparatus 10 implements a
flash band correction method that is performed in cooperation
with internal blocks to be described later. In the description
below, the generation of an FB in one frame or across two
frames when one flash is used in one frame of image data is
referred to as a “‘single flash band (hereinafter, abbreviated as
single FB)”.

FIG. 1 is a block diagram showing an example of the
internal structure of the image pickup apparatus 1.

First, the image pickup apparatus 1 that uses a general
camera system will be described. A technology according to
the present disclosure is also applied to an image pickup
process method used by the image pickup apparatus 1.

The image pickup apparatus 1 is provided with an image
pickup element with a rolling shutter system, a lens system,
and the like and is provided with an image pickup unit 2 that
outputs an image signal of three primary colors of RGB and
an image signal processing circuit 3 that performs a predeter-
mined process for an image signal received from the image
pickup unit 2. For the image pickup element, for example, a
CMOS (complementary metal oxide semiconductor) image
sensor is used. It should be noted that the image pickup
element, the lens system, and the like provided to the image
pickup unit 2 are not shown in the figure.

The image pickup element performs exposure of image
light of a subject incident via the lens system for each pixel
and output an image signal for each line. A difference of
exposure time periods for each line of the image signal output
by the image pickup element at a predetermined frame rate for
each frame may cause an FB, which is an unevenness of
brightness levels for each line which is generated in the frame
due to flash light. With the use of an A/D (analog/digital)
conversion unit (not shown), the image pickup unit 2 converts
the image signal output from the image pickup element from
an analog signal to a digital signal, to generate an image
signal quantized.

The image signal processing circuit 3 is provided with an
image pickup system correction unit 31 and a gain adjustment
unit 32. The image pickup system correction unit 31 corrects
a defect of the image signal received from the image pickup
unit 2. The gain adjustment unit 32 adjusts a gain or the like of
the image signal in accordance with an instruction of an
operationunit (not shown) which is given by a user or the like.
Here, the image pickup system correction unit 31 and the gain
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adjustment unit 32 are used in combination as a linear cor-
rection unit that performs a linear correction of the image
signal.

Further, the image signal processing circuit 3 is provided
with a knee correction unit 33 that performs a knee correction
of the image signal and a gamma correction unit 34 that
performs a gamma correction of the image signal. The knee
correction unit 33 and the gamma correction unit 34 are used
in combination as a non-linear correction unit that performs a
non-linear correction of the image signal. Furthermore, the
image signal processing circuit 3 is provided with an output
signal generation unit 35 that generates, as an output signal,
the image signal to be written in an external recording
medium (flash memory, HDD, or the like) received from the
gamma correction unit 34.

The image signal of the three primary colors of RGB which
is output by the image pickup unit 2 is subjected to a linear
process by the image pickup system correction unit 31 and the
gain adjustment unit 32 and is then subjected to a level com-
pression by the knee correction unit 33 in order to be setin a
predetermined signal standard. Further, to correspond to a
gamma of a monitor to which the image signal is output, the
gamma correction unit 34 performs the gamma correction.
After that, the output signal generation unit 35 outputs an
image signal converted into an ultimate output form to the
monitor (not shown) or the like.

FIG. 2 is a block diagram showing an example of the
internal structure of the FB correction apparatus 10.

The FB correction apparatus 10 is provided with a flash
band detection unit 11 (hereinafter, abbreviated as FB detec-
tion unit 11) that detects the FB from the frame of the image
data input from the image pickup unit 2 and a frame rate
conversionunit 12 that determines a combination of frames of
the image signal before conversion of the frame rate on the
basis of a start line and an end line of the FB and converts the
frame rate of the image data to 1/n (n: integer of 2 or more)
thereof. In addition, the FB correction apparatus 10 is pro-
vided with a frame memory 13 in which the frame rate con-
version unit 12 writes or reads the image data.

As described above, the FB detection unit 11 detects the
existence and nonexistence of the FB in the frame and the start
line and the end line. Therefore, the FB correction apparatus
10 only has to be provided in a former stage of the linear
correction unit or the non-linear correction unit. At this time,
the linear correction unit or the non-linear correction unit
disposed to be subsequent to the FB correction apparatus is
used as an image pickup unit that applies a predetermined
process to the image data including the frame which has been
subjected to the 1/n-times conversion.

The image data input to the FB detection unit 11 is a
progressive signal, and a frame rate thereof is set to 120
frame/second (hereinafter, 120 P) or 180 frame/second (here-
inafter, 180 P), for example. The image data that has been
subjected to frequency conversion for 120 P to ' thereof by
the frame rate conversion unit 12 is the progressive signal, and
the frame rate becomes 60 frame/second (hereinafter, 60 P).
Further, as will be described later, the image data that has
been subjected to the frequency conversion for 180 P to 14
thereof by the frame rate conversion unit 12 is also the pro-
gressive signal, and the frame rate becomes 60 P.

Here, the fact that when a read time period of the image
datais set to be shorter than a time period of one frame, the FB
can be reduced from the image data read is well known. On
the basis of the fact, if the image data is read at a double frame
rate of the original frame rate, the probability of generation of
the FB in the image data becomes 50%.
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Therefore, by combining two frames taken at the double
frame rate to each other, the generation of the FB can be
reduced. However, even if the two frames are combined, the
probability ofthe generation of the FB just becomes 50%, and
the FB is generated in the frames combined with the remain-
ing probability of the generation. By a method to be explained
below, the two frames combined are changed depending on a
generation condition of the FB, thereby making it possible to
reduce the FB.

Next, with reference to FIGS. 3 to 5, a description will be
given on an example of a process of the FB correction per-
formed by taking the 1st to 17th frames in the image data
input to the FB correction apparatus 10. In the following
description, a set of a plurality of frames is referred to as a
“group”, and an n-th frame included in the group is repre-
sented as an “n-th area”. Further, to convert the frame rate
from 120 P to 60 P in real time, one frame of 60 P as a frame
rate after the conversion is referred to as a “current frame”. In
addition, a plurality of frames at a frame rate before the
conversion, which precedes by one frame at the frame rate
after the conversion by the frame rate conversion unit 12, are
referred to as a “current group”, and frames at the frame rate
before the conversion, which follow the current group, are
referred to as a “subsequent group”. Furthermore, frames at
the frame rate before the conversion, which precede the cur-
rent group, are referred to as a “preceding group”.

Here, a first area at 120 P, which is the frame rate before the
conversion, preceding the current frame by one frame and a
second area subsequent to the first area are referred to as the
“current group”. The first and second areas at 120 P preceding
the current group by one frame of 60 P are referred to as the
“preceding group”. Further, the first and second areas at 120
P subsequent to the current group by one frame of 60 P are
referred to as the “subsequent group”, as will be described
later.

FIGS. 3A to 3C are explanatory diagrams each showing an
example of a correction process at a time when the frame rate
conversion unit 12 converts the frame rate from 120 P to 60 P.
FIG. 3A shows an example of averaging the first and second
areas of the current group. FIG. 3B shows an example of
averaging the first and second areas of the current group in the
case where the flash is used in the first area. FIG. 3C shows an
example of a correction process A according to the first
embodiment.

The FB detection unit 11 detects that the FB starts or ends
in the current group. At this time, the frame rate conversion
unit 12 writes at least image data included in the current group
into the frame memory 13, performs the correction process to
be described below with respect to the image data read from
the frame memory 13 on the basis of the area in which the FB
starts or ends, which is detected by the FB detection unit 11,
and thus converts the frame rate.

Here, conditions for correcting the FB by the frame rate
conversion unit 12 according to the first embodiment are
defined as follows.

(1) Normal Correction Process

The frame rate conversion unit 12 normally performs a
process of averaging the first and second areas of the current
group which appear alternately in the frames at 120 P (FIG.
3A).

Further, in the case where the FB starts in the first area of
the current group, and the state is not as shown in FIG. 3C, the
frame rate conversion unit 12 performs a process of averaging
the first and second areas of the current group at 120 P as the
current frame at 60 P (FIG. 3B).
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(2) Correction Process A

In the case where the FB starts in the second area, and the
FB does not start in the first area, the frame rate conversion
unit 12 performs the correction process A according to the
first embodiment (FIG. 3C).

Atthis time, out of the frames at 120 P, in the case where the
FB does not start in the first area of the current group, and the
FB starts in the second area of the current group, as the current
frame at 60 P, the second area of the current group at 120 Pand
the first area of the subsequent group are averaged.

Thus, in the case where the FB does not exist in the current
group or in the case where the FB starts in the first area of the
current group, the frame rate conversion unit 12 according to
the first embodiment averages the first and second areas of the
current group. In addition, in the case where the FB starts in
the second area of the current group, the second area of the
current group and the first area of the subsequent group are
averaged. Then, the frame rate of the image data is converted
to V2 thereof.

FIG. 4 is a flowchart showing an example of the normal
correction process and the correction process A performed by
the frame rate conversion unit 12.

First, the frame rate conversion unit 12 determines whether
the FB exists or not in the first and second areas of the current
group at 120 P (Step S1). If the FB does not exist in the first
and second areas, the normal correction process for averaging
the first and second areas of the current group is performed
(Step S5), and the process is terminated.

If the FB exists in the first and second areas of the current
group, the frame rate conversion unit 12 determines whether
the FB starts in the first area of the current group (Step S2). If
the FB starts in the first area, the normal correction process is
performed (Step S5), and the process is terminated.

If the FB does not start in the first area, it is possible to
determine that the FB starts in the second area of the current
group. At this time, the first area of the current group is
discarded (Step S3), the correction process A for averaging
the second area of the current group in which the FB starts and
the first area of the subsequent group is performed (Step S4),
and then the process is terminated.

FIGS. 5A and 5B are explanatory diagrams each showing
an example of a process for correcting a single FB by the
frame rate conversion unit 12. FIG. 5A shows a correction
example for a single FB in related art. FIG. 5B shows a
correction example for a single FB according to the first
embodiment. As shown in FIG. 5A, the frame rate conversion
unit 12 sets the correction process for the single FB according
to the first embodiment to off (invalid) and performs the
normal FB correction process.

As shown in FIG. 5A, out of the frames at 120 P, the flash
is used in the 5th frame and the 12th frame, and the single FB
starts therein. In related art, the FB is corrected by averaging
image data of continuous two frames included in the current
group, e.g., the 1stand 2nd frames and the 3rd and 4th frames.
Therefore, the 3rd frame of the image data that has been
subjected to the frame rate conversion is a frame obtained by
averaging the 5th and 6th frames of the image data before the
frequency conversion. However, in the 12th frame of the
frames at 120 P, the 11th frame is averaged, so the FB is
generated in the 6th and 7th frames of the image data after the
conversion.

Here, as shown in FIG. 5B, the FB correction process by
the frame rate conversion unit 12 is set to be on (valid). At this
time, the 6th frame at 60 P is a frame obtained by discarding
the 11th frame and averaging the 12th and 13th frames. Fur-
ther, the 7th frame at 60 P is a frame obtained by averaging the
14th and 15th frames at 120 P, and the 8th frame at 60 P is a
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frame obtained by averaging the 15th and 16th frames at 120
P. After that, the 9th frame and frames subsequent thereto (not
shown) at 60 P correspond to frames obtained by sequentially
averaging a set of the 17th and 18th frames and sets of sub-
sequent frames at 120 p.

By the FB correction apparatus 10 according to the first
embodiment described above, when the frame rate conver-
sion unit 12 converts the frame rate of the image data from
120 Pto 60 P, it is possible to correct the single FB generated
in the frame before conversion in real time. At this time, in
addition to the normal correction process, when the FB detec-
tion unit 11 detects that the flash is used in the second area of
the current group at 120 P, and the FB starts, the frame rate
conversion unit 12 performs the correction process A for
changing the set of frames used for the correction of the FB.
As aresult, it is possible to efficiently suppress the generation
ofthe FB from the frame at 60 P after the conversion and make
the FB inconspicuous.

Further, because the frame rate conversion unit 12 deter-
mines the correction process on the basis of the FB generated
in the frames of the current group at 120 P, it is possible to
perform the FB correction with a delay of one frame at 60 P
and thus perform the process almost in real time (with a little
delay). Thus, at the time when the frequency of the image data
at an HFR (high frame rate) is converted to be an LFR (low
frame rate), a temporal axis of the frame after the conversion
does not vary extremely, and the real time performance is
maintained. Furthermore, if the FB detection unit 11 errone-
ously detects the FB, and therefore the frame rate conversion
unit 12 erroneously corrects the FB, the frame which is to be
erroneously corrected is very little. Thus, it is possible to
output the image data by the FB correction apparatus 10 while
maintaining the continuity of the image data which is con-
tinuously input to the FB correction apparatus 10 at the frame
rate before the conversion.

2. Second Embodiment

Example of Process for Correcting Multi FB when
Frame Rate is Converted from 120 P to 60 P

Next, with reference to FIGS. 6 to 9, a description will be
given on an example of a process for an FB correction accord-
ing to a second embodiment of the present disclosure in the
case where a flash is used for a plurality of frames in a row. In
the following description, parts corresponding to those of
FIG. 1 described in the first embodiment are denoted by the
same reference numerals, and the detailed description of
those will be omitted. Further, the flash is used for a plurality
of frames of image data in a row (hereinafter, referred to as
“multi flash”), and an FB generated over three or more frames
is referred to as a “multi flash band (hereinafter, abbreviated
as “multi FB”)”.

When the multi flash is used, even if the correction process
according to the first embodiment described above is per-
formed, the multi FB appears. In view of this, the frame rate
conversion unit 12 according to the second embodiment
selectively uses the case where two frames are combined and
the case where one frame is used as it is, to cope with the multi
FB.

FIGS. 6A to 6D are explanatory diagrams each showing an
example of a correction process at a time when the frame rate
is converted from 120 P to 60 P by the frame rate conversion
unit12. FIGS. 6 A and 6B each show an example of the normal
correction process. FIG. 6C shows an example of the correc-
tion process A according to the first embodiment described
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above. FIG. 6D shows an example of a correction process B
according to the second embodiment.

Conditions for correcting the FB by the frame rate conver-
sion unit 12 according to the second embodiment are defined
as follows. Here, the normal correction process shown in FIG.
6A and the correction process A shown in FIG. 6C are the
same as the processes performed by the frame rate conversion
unit 12 according to the first embodiment, so the description
thereof will be omitted.

(1) Normal Correction Process

In the case where the FB starts in the first area of the current
group, and the state is not as shown in FIGS. 6C and 6D, the
frame rate conversion unit 12 performs a process for averag-
ing the first and second areas of the current group at 120 P as
the current frame at 60 P (FIG. 6B).

(2) Correction Process B

In the case where the FB does not start in the first area, the
FB ends in the first area, the FB does not end in the second
area, and the FB does not start in the second area, the frame
rate conversion unit 12 performs the correction process B
according to the second embodiment. By the correction pro-
cess B, as the current frame at 60 P, the second area of the
current group is extended to be double (FIG. 6D).

Therefore, in addition to the process performed by the
frame rate conversion unit 12 according to the first embodi-
ment, in the case where the FB starts in the second area of the
preceding group and ends in the second area of the current
group, the frame rate conversion unit 12 according to the
second embodiment averages the first and second areas of the
current group. Further, in the case where the FB starts in the
second area of the current group and ends in the first area of
the subsequent group, the frame rate conversion unit 12 aver-
ages the second area of the current group and the first area of
the subsequent group. In the case where the FB starts in the
second area of the preceding group and ends in the first area
of'the current group, the second area of the subsequent group
is extended to be double. Then, the frame rate of the image
data is converted to V% thereof.

FIG.7is a flowchart showing an example of performing the
normal correction process and the correction processes A and
B by the frame rate conversion unit 12.

First, the frame rate conversion unit 12 determines whether
the FB exists in the first and second areas of the current group
at 120 P (Step S11). If the FB does not exist in the first and
second areas, the normal correction process for averaging the
first and second areas is performed (Step S18), and then the
process is terminated.

If the FB exists in the first and second areas of the current
group, the frame rate conversion unit 12 determines whether
the FB starts in the first area of the current group or not (Step
S12). If the FB starts in the first area of the current group, the
normal correction process is performed (Step S18), and then
the process is terminated.

If'the FB does not start in the first area of the current group,
the frame rate conversion unit 12 determines whether the FB
starts in the second area of the current group or not (Step S13).
Ifthe FB starts in the second area of the current group, the first
area of the current group is discarded (Step S14), and the
correction process A for averaging the second area of the
current group in which the FB starts and the first area of the
subsequent group (Step S15), and then the process is termi-
nated.

In Step S13, in the case where the frame rate conversion
unit 12 determines that the FB starts in the second area of the
preceding group, the frame rate conversion unit 12 deter-
mines whether the FB ends in the first area of the current
group or not (Step S16). In the case where the FB ends in the
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first area of the current group, the correction process B for
extending the second area of the current group to be double
(Step S17), and then the process is terminated.

In Step S16, in the case where the FB ends in the second
area of the current group, the normal correction process is
performed (Step S18), and the process is terminated.

FIGS. 8A and 8B are explanatory diagrams each showing
an example in which the frame rate conversion unit 12 accord-
ing to the second embodiment performs the correction pro-
cess for the multi FB. FIG. 8A shows a correction example for
the single FB as in the first embodiment with respect to the
multi FB. FIG. 8B shows a correction example for the multi
FB according to the second embodiment.

As shown in FIG. 8A, out of the frames at 120 P, flashes are
used in the 2nd, 8th, 9th, 12th, and 15th frames, and the FBs
start. In each of the 8th and 9th frames, the multi FB occurs.
When the frame rate conversion unit 12 performs the correc-
tion process according to the first embodiment, the FB that
starts in the 2nd frame at 120 P is averaged with the 3rd frame
at 120 P through the correction process A.

Further, the FB that starts in the 8th frame at 120 P is
averaged with the 9th frame at 120 P through the correction
process A. However, the FB also occurs in the 9th frame at
120 P, and the FB ends in the 10th frame at 120 P. At this time,
the 4th frame at 60 P is equal to a frame obtained by averaging
the 8th and 9th frames, and in the 5th frame at 60 P, the FB
generated in the 10th frame at 120 P appears. It should be
noted that in the 4th frame at 60 P, an FB is caused by a
difference in brightness between the first flash light (eight
frame at 120 P) and the second flash light (9th frame at 120 P).
However, as compared to the FB generated in a frame at 60 P
in the case where the flash light exists in one frame of con-
tinuous two frames at 120 P, and the flash light does not exist
in the other frame, an FB that is generated when the flash light
is generated twice in a row gives a smaller influence visually.
Therefore, the FB generated when the flash light is generated
twice in a row may not have to be corrected. If such an FB is
generated, extremely high brightness (flash light) in an image
of a video camera is compressed by a high brightness com-
pression circuit or the like which is continuously provided in
the FB correction apparatus 10, and thus the difference in
brightness becomes inconspicuous.

Then, the 12th and 13th frames at 120 P are averaged to be
converted to the 6th frame at 60 P, but in the 7th frame at 60 P,
the FB generated in the 15th frame at 120 P appears. In
addition, the 8th frame at 60 P becomes a frame obtained by
averaging the 15th and 16th frames at 120 P.

Here, as shown in FIG. 8B, the correction process for the
multi FB according to the second embodiment is set to be on
(valid), and the multi FB is corrected. At this time, the frames
at 120 P are corrected, and the frames at 60 P are generated as
will be described below.

The 1st frame at 60 P is a frame obtained by averaging the
2nd and 3rd frames at 120 P through the correction process A,
because the FB starts in the 2nd frame at 120 P.

The 2nd frame at 60 P is a frame obtained by extending the
4th frame at 120 P to be double through the correction process
B.

The 3rd frame at 60 P is a frame obtained by averaging the
5th and 6th frames at 120 P through the normal correction
process.

The 4th frame at 60 P is a frame obtained by averaging the
8th and 9th frames at 120 P through the correction process A.
Here, the 7th frame at 120 P is discarded.

The 5th frame at 60 P is a frame obtained by averaging the
9th and 10th frames at 120 P through the normal correction
process. Here, the 11th frame at 120 P is discarded.
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The 6th frame at 60 P is a frame obtained by averaging the
12th and 13th frames at 120 P through the correction process
A.

The 7th frame at 60 P is a frame obtained by extending the
14th frame at 120 P to be double through the correction
process B.

The 8th frame at 60 P is a frame obtained by averaging the
15th and 16th frames at 120 P through the normal correction
process.

FIG. 9 is an explanatory diagram showing another example
in which the frame rate conversion unit 12 according to the
second embodiment performs the correction process for the
multi FB. The upper part of FIG. 9 shows an example of the
frames at 120 P, and the lower part of FIG. 9 shows an
example of the frames at 60 P.

As shown in FIG. 9, the flash is used in each of the 2nd, 5th,
6th, 8th, 9th, 12th, and 13th frames at 120 P. Therefore, the FB
occurs in each of the 2nd and 3rd frames, the 5th to 10th
frames, and the 12th to 14th frames at 120 p.

First, the FB starts in the 2nd frame at 120 P, so the 1st
frame at 60 P is a frame obtained by averaging the 2nd and 3rd
frames at 120 P through the correction process A.

The 2nd frame at 60 P is a frame obtained by extending the
4th frame at 120 P to be double through the correction process
B.

Further, the FB starts in the 5th frame at 120 P and ends in
the 6th frame, so the 3rd frame at 60 P is obtained by averag-
ing the 5th and 6th frames at 120 P through the normal
correction process.

Furthermore, the FB starts in the 6th frame at 120 P and
ends in the 7th frame, so the 7th frame at 120 P is discarded.

Next, the FB starts in the 8th frame at 120 P and ends in the
10th frame. Here, in the 9th frame, the FBS that start in the 8th
and 9th frames are overlapped.

At this time, the 4th frame at 60 P is a frame obtained by
averaging the 8th and 9th frames at 120 P through the correc-
tion process A.

In the 5th frame at 60 P, the 9th and 10th frames at 120 P are
averaged through the normal correction process, and the 11th
frame at 120 P is discarded.

Next, the FB starts in the 12th frame at 120 P and ends in the
14th frame.

At this time, the 6th frame at 60 P is a frame obtained by
averaging the 12th and 13th frames at 120 P through the
correction process A.

The 7th frame at 60 P is a frame obtained by averaging the
13th and 14th frames at 120 P through the normal correction
process.

After that, the 8th frame at 60 P is a frame obtained by
averaging the 15th and 16th frames at 120 P through the
normal correction process.

By the FB correction apparatus 10 according to the second
embodiment described above, in the case where the flash is
used in the second area of the preceding group, and the FB
ends in the first area of the current group, the frame rate
conversion unit 12 performs the correction process B for
extending the second area of the current group to be double.
In the case where the FB starts in the first area of the current
group, which is not in the state where the correction process
A or B is performed, the normal correction process is per-
formed. Thus, by performing the correction process B in
addition to the correction process A according to the first
embodiment, in the process for converting the frame rate from
120 P to 60 P, it is possible to perform the correction for the
multi FB inreal time and make the FB generated in the frames
at 60 P inconspicuous.
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Inthis case, as in the case of the FB correction apparatus 10
according to the first embodiment described above, to per-
form the real-time process while suppressing a delay in one
frame at 60 P at a maximum, the determination of the start or
end of the FB is not also performed for the subsequent group.
Therefore, it is possible to correct the FB at a high speed on
the basis of the frames of the current group or the preceding
group at 120 P.

3. Third Embodiment

Example of Process for Correcting Single FB when
Frame Rate is Converted from 180 P to 60 P

Next, with reference to FIGS. 10 to 12, a description will be
given on an example of an FB correction process according to
athird embodiment of the present disclosure in the case where
a flash is used in one frame.

FIGS. 10A to 10C are explanatory diagrams each showing
an example of a correction process at a time when the frame
rate conversion unit 12 according to the third embodiment
converts the frame rate from 180 P to 60 P. FIG. 10A shows an
example in which a first area and a second area that follows
the first area are averaged in related art. FIG. 10 B shows an
example in which when the flash is used in the first area, the
first area is averaged with the second area. FIG. 10 C shows an
example in which a correction process according to the third
embodiment is performed.

Here, the first to third areas at 180 P, which is a frame rate
before conversion, preceding the current frame at 60 P by one
frame, are referred to as a “current group”. Further, first to
third areas at 180 P preceding the current group by one frame
of 60 P are referred to as a “preceding group”. Furthermore,
first to third areas at 180 P subsequent to the current group by
one frame of 60 P to be described later are referred to as a
“subsequent group”.

Conditions for correcting the FB by the frame rate conver-
sion unit 12 according to the third embodiment are defined as
follows.

(1) Normal Correction Process

The frame rate conversion unit 12 normally performs a
process of averaging the first to third areas which appear
repeatedly alternately in the frames at 180 P (FIG. 10A).

Further, in the case where the FB starts in the first area of
the current group, and the state is not as shown in FIG. 10C,
the frame rate conversion unit 12 performs a process of aver-
aging the first to third areas of the current group at 180 Pas the
current frame at 60 P (FIG. 10B).

(2) Correction Process C

Here, in the case where the FB starts in the third area of the
current group, and the FB does not start in the first area of the
current group, the frame rate conversion unit 12 performs a
correction process C according to the third embodiment (FIG.
10 C). At this time, the frame rate conversionunit 12 performs
a process of averaging the second and third areas of the
current group at 180 P and the first area of the subsequent
group as the current frame at 60 P.

Therefore, in the case where the FB is not generated in the
current group or in the case where the FB starts in the first or
second area of the current group, the frame rate conversion
unit 12 according to the third embodiment averages the first to
third areas of the current group. In addition, in the case where
the FB starts in the third area of the current group and ends in
the first area in the subsequent group, the frame rate conver-
sion unit 12 averages the second and third areas of the current
group and the first area of the subsequent group. Then, the
frame rate of the image data is converted to %5 thereof.
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FIG. 11 is a flowchart showing an example in which the
frame rate conversion unit 12 according to the third embodi-
ment performs the normal correction process and the correc-
tion process C.

First, the frame rate conversion unit 12 determines whether
the FB exists in the first to third areas of the current group at
180 P (Step S21). If the FB does not exist in the first to third
areas of the current group, the frame rate conversion unit 12
performs the normal correction process of averaging the first
to third areas (Step S26), and terminates the process.

If the FB exists in the first to third areas, the frame rate
conversion unit 12 determines whether the FB starts in the
third area of the preceding group (Step S22). If the FB starts
in the third area of the preceding group, the frame rate con-
version unit 12 performs the correction process C for averag-
ing the second and third areas of the current group and the first
area of the subsequent group (Step S25), and terminates the
process.

In Step S22, if the FB does not start in the third area of the
preceding group, the frame rate conversion unit 12 deter-
mines whether the FB starts in the third area of the current
group (Step S23). If the FB does not start in the third area of
the preceding group and starts in the first or second area of the
current group, the frame rate conversion unit 12 performs the
normal correction process for averaging the first to third areas
(Step S26), and terminates the process.

If'the FB starts in the third area of the current group, frame
rate conversion unit 12 discards the first area of the current
group (Step S24), performs the correction process C for aver-
aging the second and third areas of the current group and the
first area of the subsequent group (Step S25), and terminates
the process.

FIGS. 12A and 12B are explanatory diagrams each show-
ing an example of the correction process to be performed in
the case of a single FB. FIG. 12 A shows a correction example
for a single FB in related art. FIG. 12B shows a correction
example of a single FB according to the third embodiment.
The frame rate conversion unit 12 shown in FIG. 12A sets the
correction process for the single FB according to the third
embodiment to be off (invalid) and performs the normal FB
correction process.

FIG. 12A shows that, out of the frames at 180 P, the flash is
used in the Sth, 12th, and 19th frames, and the single FB starts
therein. In related art, image data of continuous three frames,
such as the 1st to 3rd frames and the 4th to 6th frames, which
are included in the current group, is averaged to correct the
FB. Therefore, the 2nd frame at 60 P after the conversion of
the frame rate becomes a frame obtained by averaging the 4th
to 6th frames at 180 P. Further, for the 19th frame at 180 P, the
FB starts in the first area of the current group and ends in the
20th frame as the second area, so the 7th frame at 60 P is a
frame obtained by averaging the 19th to 21st frames at 180 p.
However, for the 12th frame at 180 P, the FB starts in the third
area of the current group and ends in the first area of the
subsequent group, so the FB is generated in the 4th and 5th
frames at 60 P.

Therefore, as shown in FIG. 12B, the FB correction pro-
cess of the frame rate conversion unit 12 is set to be on (valid).
At this time, when the FB starts in the 12th frame at 180 P, in
the 4th frame at 60 P, the 10th frame included in the current
group at 180 P is discarded, and the 11th and 12th frames of
the current group and the 13th frame of the subsequent group
are averaged. Further, the 5th frame at 60 P is a frame obtained
by averaging the 14th and 15th frames of the current group at
180 P and the 16th frame of the subsequent group.

By the FB correction apparatus 10 according to the third
embodiment described above, in the case where the flash is
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used in the third area of the current group, and the single FB
starts, the frame rate conversion unit 12 performs the correc-
tion process C for averaging the second and third areas of the
current group and the first area of the subsequent group. In
this way, the FB is corrected in real time, with the result that
it is possible to effectively suppress the occurrence of the FB
and make the FB inconspicuous in the frames after the con-
version from 180 P to 60 P.

4. Fourth Embodiment

Example of Process for Correcting Multi FB when
Frame Rate is Converted from 180 P to 60 P

Next, with reference to FIGS. 13 to 16, a description will be
given on an example of an FB correction process according to
a fourth embodiment of the present disclosure in the case
where the flash is used in a plurality of frames in a row.

FIGS. 13A to 13E are explanatory diagrams each showing
an example of a correction process at a time when the frame
rate conversion unit 12 according to the fourth embodiment
converts the frame rate from 180 P to 60 P. FIGS. 13A to 13C
are the same as FIGS. 10A to 10C, respectively. FIGS. 13D
and 13E respectively show correction processes D and E for
adding the second and third areas of the current group to each
other and extending the added areas to be 1.5 times in the case
where the FB starts in the third area of the preceding group.

Conditions for correcting the FB by the frame rate conver-
sion unit 12 according to the fourth embodiment are defined
as follows. Here, the normal correction process and the cor-
rection process C shown in FIGS. 13 A and 13C, respectively,
are the same as the processes performed by the frame rate
conversion unit 12 according to the third embodiment, so the
description thereof will be omitted.

(1) Normal Correction Process

In the case where the FB starts in the first area of the current
group, and the state is not as shown in FIGS. 13C and 13D, the
frame rate conversion unit 12 performs a process for averag-
ing the first to third areas of the current group at 180 P as the
current frame at 60 P (FIG. 13B).

(2) Correction Process D

In the case where the FB starts in the third area of the
preceding group and ends in the first area of the current group,
and the FB is not generated in the second and third areas of the
current group, the second and third areas of the current group
are added and extended to be 1.5 times by the frame rate
conversion unit 12 (FIG. 13D).

(3) Correction Process E

In the case where the FB starts in the third area of the
preceding group and ends in the first area of the current group,
and the FB starts in the second area of the current group and
ends in the third area of the current group, the second and third
areas of the current group are added and extended to be 1.5
times by the frame rate conversion unit 12 (FIG. 13E).

As a result, in addition to the process performed by the
frame rate conversion unit 12 according to the third embodi-
ment, in the case where the FB starts in the third area of the
preceding group and ends in the first area of the current group,
the frame rate conversion unit 12 according to the fourth
embodiment extends the second and third areas of the current
group to be 1.5 times and performs averaging, thereby con-
verting the frame rate to %3 thereof.

FIG. 14 is a flowchart showing an example in which the
frame rate conversion unit 12 according to the fourth embodi-
ment performs the normal correction process and the correc-
tion processes C, D, and E.
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First, the frame rate conversion unit 12 determines whether
the FB exists in the first to third areas of the current group at
180 P (Step S31). If the FB does not exist in the first to third
areas, the frame rate conversion unit 12 performs the normal
correction process of averaging the first to third areas (Step
S42), and terminates the process.

If the FB exists in the first to third areas of the current
group, the frame rate conversion unit 12 determines whether
the FB starts in the first area of the current group (Step S32).
Ifthe FB starts in the first area of the current group, the frame
rate conversion unit 12 performs the normal correction pro-
cess (Step S42), and terminates the process.

If'the FB does not start in the first area of the current group,
the frame rate conversion unit 12 determines whether the FB
starts in the third area of the preceding group (Step S33). In
the case where the FB starts in the third area of the preceding
group, the frame rate conversion unit 12 determines whether
the FB starts in the third area of the current group (Step S34).
In the case where the FB starts in the third area of the current
group, the frame rate conversion unit 12 performs the correc-
tion process C for averaging the second and third areas of the
current group and the first area of the subsequent group (Step
S41), and terminates the process.

In the case where the FB does not start in the third area of
the current group, the frame rate conversion unit 12 deter-
mines whether the FB ends in the first area of the current
group (Step S35). In the case where the FB ends in the second
or third area of the current group, the frame rate conversion
unit 12 performs the normal correction process (Step S42),
and terminates the process.

If the FB ends in the first area of the current group, the
frame rate conversion unit 12 determines whether the FB
exists in the second and third areas of the current group (Step
S36). If the FB does not exist in the second and third areas of
the current group, the frame rate conversion unit 12 performs
the correction process D for extending the second and third
areas of the current group to be 1.5 times (Step S37), and
terminates the process. On the other hand, if the FB exists in
the second and third areas of the current group, the frame rate
conversion unit 12 performs the correction process E for
extending the second and third areas of the current group to be
1.5 times (Step S38), and terminates the process.

In Step S33, in the case where the FB does not start in the
third area of the preceding group, the frame rate conversion
unit 12 determines whether the FB starts in the third area of
the current group (Step S39). In the case where the FB does
not start in the third area of the current group, the frame rate
conversion unit 12 performs the normal correction process
(Step S42), and terminates the process.

In the case where the FB starts in the third area of the
current group, the frame rate conversion unit 12 discards the
first area of the current group before the FB starts (Step S40),
performs the correction process C for averaging the second
and third areas of the current group and the first area of the
subsequent group (Step S41), and terminates the process.

FIGS. 15A and 15B are explanatory diagrams each show-
ing an example of performing the correction process for the
multi FB by the frame rate conversion unit 12 according to the
fourth embodiment. FIG. 15 A shows a correction example for
the single FB as in the third embodiment. FIG. 15B shows a
correction example for the multi FB according to the fourth
embodiment.

As shown in FIG. 15A, out of the frames at 180 P, the flash
is used in the 3rd, 7th, 11th, 12th, 18th, and 20th frames, and
the FB starts therein. Here, when the frame rate conversion
unit 12 performs the correction process as in the third embodi-
ment, the FB that starts in the 3rd frame at 180 P is averaged
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with the 2nd and 3rd frames of the current group and the 4th
frame of the subsequent group through the correction process
C.

Here, the FB that starts in the 11th frame at 180 P is
averaged in the 10th to 12th frames at 180 P through the
normal correction process. However, the FB is also generated
in the 12th frame at 180 P, so the FB ends in the 13th frame.
At this time, in the 5th frame at 60 P, the FB generated in the
13th frame at 180 P appears.

Here, as shown in FIG. 15B, the correction process for the
multi FB according to the fourth embodiment is set to be on
(valid), to correct the multi FB. At this time, the frames at 180
P are corrected as follows, thereby generating frames at 60 P.

Because the FB starts in the 3rd frame at 180 P, the 1st
frame at 60 P is a frame obtained by averaging the 2nd to 4th
frames at 180 p through the correction process C.

Because the FB ends in the 4th frame at 180 P, the 2nd
frame at 60 P is a frame obtained by extending the 5th and 6th
frames at 180 P to be double through the correction process D.

The 3rd frame at 60 P is a frame obtained by averaging the
7th to 9th frames at 180 P through the normal correction
process.

The 4th frame at 60 P is a frame obtained by averaging the
10th to 12th frames at 180 P through the normal correction
process.

Because the FB ends in the 13th frame at 180 P, and the FB
does not appear in the 14th and 15th frames, the Sth frame at
60 P is a frame obtained by extending the 14th and 15th
frames at 180 P to be 1.5 times through the correction process
D. Here, the 13th frame at 180 P is discarded.

The 6th frame at 60 P is a frame obtained by averaging the
17th to 19th frames at 180 P through the correction process C.
Here, the 16th frame at 180 P is discarded.

Because the FB ends in the 19th frame at 180 P, and the FB
appears in the 20th and 21st frames, the 7th frame at 60 P is a
frame obtained by extending the 20th and 21st frames at 180
P to be 1.5 times through the correction process E.

The 8th frame at 60 P is a frame obtained by averaging the
22nd to 24th frames at 180 P through the normal correction
process.

FIG. 16 is an explanatory diagram showing another
example of a correction process for the multi FB performed
by the frame rate conversion unit 12 according to the fourth
embodiment. The upper part of FIG. 16 shows an example of
the frames at 180 P, and the lower part of FIG. 16 shows an
example of the frames at 60 P.

In the 3rd, 9th, 11th, 12th, 18th, and 20th frames at 180 P,
the flash is used. Therefore, in the 3rd, 4th, 9th to 13th, and
18th to 21st frames at 180 P, the FB is generated.

First, because the FB starts in the 3rd frame at 180 P, the 1st
frame at 60 P is a frame obtained by averaging the 2nd to 4th
frames at 180 P through the correction process C.

The 2nd frame at 60 P is a frame obtained by extending the
5th and 6th frames at 180 P to be 1.5 times through the
correction process D.

The 3rd frame at 60 P is a frame obtained by averaging the
8th to 10th frames at 180 P through the correction process C.

The 4th frame at 60 P is a frame obtained by averaging the
11thto 13th frames at 180 P through the correction process C.

The 5th frame at 60 P is a frame obtained by extending the
14th and 15th frames at 180 P to be 1.5 times through the
correction process D. At this time, the 16th frame at 180 P is
discarded.

The 6th frame at 60 P is a frame obtained by averaging the
17th to 19th frames at 180 P through the correction process C.
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The 7th frame at 60 P is a frame obtained by extending the
20th and 21st frames at 180 P to be 1.5 times through the
correction process E. At this time, the 19th frame at 180 P is
discarded.

The 8th frame at 60 P is a frame obtained by averaging the
22nd to 24th frames at 180 P through the normal correction
process.

By the FB correction apparatus 10 according to the fourth
embodiment described above, in the case where the flash is
used in the third area of the preceding group, and the FB ends
in the first area of the current group, the frame rate conversion
unit 12 performs the correction processes D and E for extend-
ing the second and third areas of the current group to be 1.5
times. Thus, in addition to the correction process C according
to the third embodiment described above, the correction pro-
cesses D and E are performed, thereby performing the cor-
rection for the multi FB in real time and making the FB
generated in the frames at 60 P inconspicuous in the process
for converting the frame rate from 180 P to 60 P.

As described above, by the FB correction apparatus
according to the first to fourth embodiments, when the frame
rate conversion unit 12 performs the frequency conversion of
the frame rate of the image data taken at an HFR of double or
more to a lower frame rate, it is possible to erase the FB from
the image data after the conversion. At this time, by adjusting
the permutation of the frames to be combined, it is possible to
make the FB inconspicuous. In particular, in the case where
the image data is distributed as a live video, it is necessary to
prevent delay as much as possible. Therefore, for example, by
using a CMOS sensor or the like as an image pickup element,
it is possible to perform a correct process for the FB generated
in an image taken by a rolling scanning system in real time
with a little delay.

5. Modified Example

It should be noted that the description is given on the
examples of the process for converting the frame rate from
120 P to 60 P in the first and second embodiments and from
180 P to 60 P in the third and fourth embodiments described
above, but the frame rates before and after the conversion are
not limited to those values. Further, another element may be
used instead of a CMOS sensor as long as an image pickup
element that uses the rolling scanning system is used.

Further, the image data that is input to the FB detection unit
11 is desired to be a progressive signal, but the image data that
is output by the frame rate conversion unit 12 may be an
interlaced signal in addition to the progressive signal. There-
fore, the system of an image signal output by the frame rate
conversion unit 12 may be arbitrarily changed in accordance
with a type of a monitor on which the image is displayed.

Furthermore, in the FB correction apparatus 10 according
to the first to fourth embodiments described above, the blocks
are each configured by hardware but may be implemented by
software. Here, the structure of an FB correction apparatus 20
to be implemented by software will be described.

FIG. 17 is a block diagram showing an example of the
internal structure of the FB correction apparatus 20.

Like the FB correction apparatus 10 described above, the
FB correction apparatus 20 is provided with the FB detection
unit 11, the frame rate conversion unit 12, and the frame
memory 13. The FB correction apparatus 20 is further pro-
vided with a control unit 14 that processes a detection result of
the FB detection unit 11 to control an operation of the frame
rate conversion unit 12. For the control unit 14, a central
processing unit (CPU) is used, for example. As described
above, by controlling the operation of the FB correction appa-
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ratus 20 by software, it is possible to make processes per-
formed by the frame rate conversion unit 12 complex.

In addition, in the case where a series of processes in the
above embodiments are performed by software, it is possible
to perform the processes by a computer in which programs
that constitute the software are incorporated in dedicated
hardware or a computer in which programs for executing
various functions are installed. For example, the processes
may be executed by installing programs that constitute
desired software to a general-purpose personal computer or
the like.

In addition, a recording medium in which a program code
of software that implements the functions of the above
embodiments is recorded may be supplied to a system or an
apparatus. Also, the functions are of course implemented by
reading and executing the program code stored in the record-
ing medium by a computer (or control apparatus such as a
CPU or the like) of the system or the apparatus.

Examples of the recording medium for supplying the pro-
gram code in this case include a flexible disk, a hard disk, an
optical disk, a magnetic optical disk, a CD-ROM, a CD-R, a
magnetic tape, a nonvolatile memory card, a ROM, and the
like.

Further, by executing the program code read by the com-
puter, the functions in the above embodiments are imple-
mented. In addition, on the basis of an instruction of the
program code, an OS or the like that is operated on the
computer partially or entirely performs actual processes. The
case where the functions in the above embodiments are
implemented through the processes is included.

In addition, the present disclosure is not limited to the
above embodiments and may of course have various applica-
tions or modified examples without departing from the gist of
the present disclosure.

It should be noted that the present disclosure can take the
following configurations.

(1) A flash band correction apparatus, including:

a flash band detection unit configured to detect a start line
and an end line of a flash band in a frame on the basis of a
difference in an exposure period for each line of an image
signal output for each frame at a predetermined frame rate by
an image pickup element with a rolling shutter system, the
flash band being an unevenness in brightness level for each
line which is generated in the frame due to flash light; and

a frame rate conversion unit configured to determine a
combination of the frames of the image signal before a frame
rate is converted on the basis of the start line and the end line
and convert the frame rate to 1/n thereof.

(2) The flash band correction apparatus according to Item
(1), in which

the frame rate conversion unit is configured to set, in a case
where the frame rate before conversion is double the frame
rate after the conversion, a plurality of frames at the frame rate
before the conversion, which precede by one frame at the
frame rate after the conversion, as a current group, set frames
at the frame rate before the conversion, which follow the
current group, as a subsequent group, average, in one ofa case
where the flash band does not exist in the current group and a
case where the flash band starts in a first area of the current
group, the first area of the current group and a second area
subsequent to the first area, and average, in a case where the
flash band starts in the second area of the current group, the
second area of the current group and a first area of the subse-
quent group and convert the frame rate to V2.
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(3) The flash band correction apparatus according to Item
(1) or (2), in which
the frame rate conversion unit is configured to set the
frames at the frame rate before the conversion, which precede
the current group, as a preceding group, average, in a case
where the flash band starts in a second area of the preceding
group and ends in the second area of the current group, the
first and second areas of the current group, average, in a case
where the flash band starts in the second area of the current
group and ends in the first area of the subsequent group, the
second area of the current group and the first area of the
subsequent group, extend, in the case where the flash band
starts in the second area of the preceding group and ends in the
first area of the current group, the second area of the current
group to be double, and convert the frame rate to V2 thereof.
(4) The flash band correction apparatus according to Item
(1), in which
the frame rate conversion unit is configured to set, in a case
where the frame rate before conversion is three-times the
frame rate after the conversion, a plurality of frames at the
frame rate before the conversion, which precede by one frame
at the frame rate after the conversion, as a current group, set
frames at the frame rate before the conversion, which follow
the current group, as a subsequent group, average, in one of a
case where the flash band does not exist in the current group
and a case where the flash band starts in one of a first area and
a second area of the current group, the first area, the second
area, and a third area of the current group, and average, in a
case where the flash band starts in the third area of the current
group and ends in a first area of the subsequent group, the
second area and the third area of the current group and the first
area of the subsequent group and convert the frame rate to %3
thereof.
(5) The flash band correction apparatus according to Item
(1) or (4), in which
the frame rate conversion unit is configured to set the
frames at the frame rate before the conversion, which precede
the current group, as a preceding group, extend, in a case
where the flash band starts in a third area of the preceding
group and ends in the first area of the current group, the
second area and the third area of the current group to be 1.5
times and average the areas, and convert the frame rate to 14
thereof.
(6) A flash band correction method, including:
detecting a frame in which a flash band occurs by a start
line and an end line of the flash band on the basis of a
difference in an exposure period for each line of an image
signal output for each frame at a predetermined frame rate by
an image pickup element with a rolling shutter system, the
flash band being an unevenness in brightness level for each
line which is generated in the frame due to flash light; and
determining a combination of the frames of the image
signal before a frame rate is converted on the basis of the start
line and the end line of the flash band detected and converting
the frame rate to 1/n thereof.
(7) An image pickup apparatus, including:
a flash band correction apparatus including
a flash band detection unit configured to detect a frame in
which a flash band occurs by a start line and an end line
of the flash band on the basis of a difference in an
exposure period for each line of an image signal output
foreach frame at a predetermined frame rate by an image
pickup element with a rolling shutter system, the flash
band being an unevenness in brightness level for each
line which is generated in the frame due to flash light,
and

10

15

20

25

30

35

40

45

50

55

60

65

20

a frame rate conversion unit configured to determine a
combination of the frames of the image signal before a
frame rate is converted on the basis of the start line and
the end line of the flash band detected and convert the
frame rate; and

an image pickup processing unit configured to perform a
predetermined process for image data including the frame,
the frame rate of which is converted to 1/n thereof.

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2012-028450 filed in the Japan Patent Office on Feb. 13,
2012, the entire content of which is hereby incorporated by
reference.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A flash band correction apparatus, comprising:

a flash band detection unit configured to detect a start line
and an end line of a flash band in a frame on the basis of
a difference in an exposure period for each line of an
image signal output for each frame at a predetermined
frame rate by an image pickup element with a rolling
shutter system, the flash band being an unevenness in
brightness level for each line which is generated in the
frame due to flash light; and

a frame rate conversion unit configured to determine a
combination of the frames of the image signal before a
frame rate is converted on the basis of the start line and
the end line and convert the frame rate to 1/n thereof;

the frame rate conversion unit being further configured to
set a group of frames at the frame rate before the con-
version, which precede a current group of frames, as a
preceding group, and a group of frames at the frame rate
before the conversion, which follow the current group of
frames, as a subsequent group,

wherein, in a case where the frame rate before conversion
is double the frame rate after conversion, the frame rate
conversion unit is configured

to average first and second areas of the current group,
where the flash band starts in the second area of the
preceding group and ends in the second area of the
current group,

to average the second area of the current group and the first
area of the subsequent group where the flash band starts
in the second area of the current group and ends in the
first area of the subsequent group,

to extend the second area of the current group to be double
in the case where the flash band starts in the second area
of the preceding group and ends in the first area of the
current group, and

to convert the frame rate to % thereof.

2. The flash band correction apparatus according to claim

1, wherein

the frame rate conversion unit is configured, in the case
where the frame rate before conversion is double the
frame rate after conversion,

to average the first area of the current group and a second
area subsequent to the first area, for the case where the
flash band does not exist in the current group or for the
case where the flash band starts in the first area of the
current group, and

to average the second area of the current group and the first
area of the subsequent group, for the case where the flash
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band starts in the second area of the current group, and to
convert the frame rate to % thereof.

3. The flash band correction apparatus according to claim

1, wherein

the frame rate conversion unit is configured, in a case
where the frame rate before conversion is three-times the
frame rate after the conversion, to average, in one of a
case where the flash band does not exist in the current
group and a case where the flash band starts in one of a
first area and a second area of the current group, the first
area, the second area, and a third area of the current
group, average, in a case where the flash band starts in
the third area of the current group and ends in a first area
of the subsequent group, the second area and the third
area of the current group and the first area of the subse-
quent group, and convert the frame rate to %3 thereof.

4. The flash band correction apparatus according to claim

3, wherein

the frame rate conversion unit is configured, in the case
where the frame rate before conversion is three-times the
frame rate after conversion, to extend, in a case where
the flash band starts in a third area of the preceding group
and ends in the first area of the current group, the second
area and the third area of the current group to be 1.5
times and average the areas, and convert the frame rate to
V5 thereof.

5. A flash band correction method, comprising:

detecting a frame in which a flash band occurs by a start
line and an end line of the flash band on the basis of a
difference in an exposure period for each line of an
image signal output for each frame at a predetermined
frame rate by an image pickup element with a rolling
shutter system, the flash band being an unevenness in
brightness level for each line which is generated in the
frame due to flash light;

determining a combination of the frames of the image
signal before a frame rate is converted on the basis of the
start line and the end line of the flash band detected and
converting the frame rate to 1/n thereof;

setting a group of frames at the frame rate before the
conversion, which precede a current group of frames, as
a preceding group, and a group of frames at the frame
rate before the conversion, which follow the current
group of frames, as a subsequent group, and

in a case where the frame rate before conversion is double
the frame rate after conversion,

averaging first and second areas of the current group, where
the flash band starts in the second area of the preceding
group and ends in the second area of the current group

averaging the second area of the current group and the first
area of the subsequent group where the flash band starts
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in the second area of the current group and ends in the
first area of the subsequent group,

extending the second area of the current group to be double
in the case where the flash band starts in the second area
of the preceding group and ends in the first area of the
current group, and

converting the frame rate to ' thereof.

6. An image pickup apparatus, comprising:

a flash band correction apparatus including

a flash band detection unit configured to detect a frame in
which a flash band occurs by a start line and an end line
of the flash band on the basis of a difference in an
exposure period for each line of an image signal output
foreach frame at a predetermined frame rate by an image
pickup element with a rolling shutter system, the flash
band being an unevenness in brightness level for each
line which is generated in the frame due to flash light,
and

a frame rate conversion unit configured to determine a
combination of the frames of the image signal before a
frame rate is converted on the basis of the start line and
the end line of the flash band detected and convert the
frame rate;

the frame rate conversion unit being further configured to
set a group of frames at the frame rate before the con-
version, which precede a current group of frames, as a
preceding group, and a group of frames at the frame rate
before the conversion, which follow the current group of
frames, as a subsequent group,

wherein, in a case where the frame rate before conversion
is double the frame rate after conversion, the frame rate
conversion unit is configured

to average first and second areas of the current group,
where the flash band starts in the second area of the
preceding group and ends in the second area of the
current group,

to average the second area of the current group and the first
area of the subsequent group where the flash band starts
in the second area of the current group and ends in the
first area of the subsequent group,

to extend the second area of the current group to be double
in the case where the flash band starts in the second area
of the preceding group, and ends in the first area of the
current group, and

to convert the frame rate to % thereof; and

an image pickup processing unit configured to perform a
predetermined process for image data including the
frame, the frame rate of which is converted to 1/n
thereof.



